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I, Alfhed Stcart Cachemaille, of 2, 
Norfolk Street, Strand, London, W.G. 2, 
a subject of the Kin^" of Great Britain, 
do herebj- declare the nature of this 
5 invention to be as follows : — 

- This invention relates to methods of 
obtaining metals from their compounds 
and mare particularly from their oxides. 
It has been proposed to obtain the 

10 powders of metals, the oxides of which 
eannot be reduced to metal by means of 
hydrogen, for example the oxides of 
uranium, zirconium, thorivim, vanadium, 
tantalum, chromium, titanium, etc., or 

15 any other similarly difficultly l^edueible 
oxide, by -well kno^^TH metallurgical pro- 
cesses, one of which involved the reduc- 
tion of the oxides by means of calcium. 
Attempts have also -been .made to reduce 

20 the oxides of cei*tain of the metals mien- 
tioned by the alkali metals, but without 
success. * The calcium method is open to 
objection beeanse of the relativie expen- 
siveness of that metal and the impurities 

•25 contained dn the oommercial material, 
also because the heat of reaction is 
high which causes coarseness of the 
powdei*s through the agglomerations of 
the particles thereof. In «order to 

30 render effective the -alkaii metal reduc- 
tion a fu.rther proposa«l lias been made to 
employ an -alkali metal as the reducing 
agent," together with a fluxing agent 
such as an alkaline earth halide or an 

35 alkali metal halide of a metal other th«n 
the alkali metal employed as the reduc- 
ing agent. This method has ft>een very 
suceesshil, although ox>en to several 
Qbjections. when it. is the desire to obtain 

40 a very fine, powder possessing a certain 
fineness. M' practisiirg the methods 
referred to above, it has been customary 
to insjert the mixed ingredients in an 
iron bomib, and . after sealing the latter, 

45 the reaction is starte.d by heating the 
homb. The iron,. in some m4nner, finds 
its way into . the metal produced, so that 
when the powder is sintei^ed to reduce it 
to the . coherent state, it forms, it is 



believed, with the iron, a low-melting 50 
point alloy which forms beads and runs 
out from the mass leaving cracks in the 
material and also ca-using a great deal 
of trouble in the furnace. Attempts 
have been made to prevent the introduc- 55 
tion of the iron irapiuity by lining the 
bomb with inicke'l, copper, chi*omium, 
otc, but in each case, metalhe impurities- 
were introduced wbich were most 
imdesirable in preparing puie metals. 60 

To illustrate the effect on the physical 
propeiiiies of a metal »by the introduction 
of a small amount of an impurity, refer- 
ence need only he made to the effect di 
carbon or any noefeallic impurity in pure 65 
iron. For example, a einall amount of 
siliicon or carbon, when introduced into 
iron, causes the latter to become hard 
and brittle. The same effect will pmb- 
iibly be produced if instead of iron, 70 
say uranium or thorium, were used. 
From my correspondents' experience 
■ with the T-are refractory metals and their 
preparation, they are convinced that 
when iron is pie&ent as an impurity, it is 75 
very difficult to obtain the metal with 
which it is combined in a solid coherent 
condition owing to the beading pie- 
T?ioush' referred to. The object of the 
present invention is to obtain the rare .80 
refractory metal powders an a very p^re 
state And of a predetermined, degree of 
fineness for wliich purpose, according to 
the invention, an alkaline earth metal, 
preferably calcium is employed as the 85 
reducing agent and -a halide of the same 
alkaline enarth metal is employed as the 
fluxing agent, although tlie halides of 
other metals of the •alkali or alkaline 
earth group of metals may be employed, 90* 
A 'mixture of the metallic oxide to be 
reduced, the alkaline earth metal and 
the alkaline earth or alkali metal halide 
is fprmed, the reducing i3f>etal prefer- 
ably being in about 50% excess of the 95 
theoretical quantity required. This 
mixture is heated in a suitable vessel, 
preferably a bomb, which is evacuated or 
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2>rovidtifl xvith au inert atmosphere from 
Aviiith nitrogen imd oxygen am n*bsent. 

In the accompanying driuvjng is 
illustrated -a vertical sectional view, 
.5 pai-tly in elevation, of a bomb pro- 
vided vnth an insulating lining of 
calcium oxide within which the 
chArga is placed. The homb com- 
prises a hollow ii*on cylinder 2 hav- 

10 ing a chambeor 3 within the same. The 
bomb m^y be about 10 inches in height 
and 4 inches in diameter with a wall 
thickness of approximately a half inch. 
The upper end 4 of the bomb is provided 

15 with -an internal tapered thread 5 into 
which fits a tapered threaded plug 6 to 
the threads of which a sealing .compound 
may be iipplied just previous to the 
in-sei-tion of the plug into the bomb. 

20 The inner walls of the chamber 3 in the 
bomb ^ are preferably provided with an 
insulating layer 7 of calcium oxide or 
other refractoiy material which xnay pre- 
feaablv be ^ipphed in a manner more 

2r> fully described hereinafter. 

In placing the mixture into the bomb, 
the fo/llowing precautions are observed 
in order to prevent the introduction of 
impurities from the bomb. The bottom 

30 8 of the bomb is covered with a layer 9 
of pm*e, highly ignited lime which ^con- 
tains no iron, silitjon, or insoluble 
impurities. By insoluble impurities is 
meant insoluble in dilute acetic acid. 

35 After the bottom of the bomb has been 
covered about a quarter inch deep by 
thoroughly packing with a clean iron 
plunger, the niixture of ealcium chloride, 
Bnely cut calcium, and the rare refrac- 

40 tory metal oxide is pressed into cakes 11 
somewhat smaller th^m the inside of the 
bomb. A cake is placed centrally on the 
lined bottom of the bomb and lime 
powder 12 is fun in around the c-ake and 

45 packed down with a clean copper or u'on 
ring. Usually, three or four cakes are 
jH-essed and put in, one at a time, the 
lime -being packed around each one of 
tliem. <ifter its -introduction within the 

50 ibomb, so that the final formation eom- 
prises an insulatiDg layer of the lime 

' • interposed between the mixture and the 
walls of the bomb: A piece 13 of cal- 
ciiun is 'x>laced upon the uppermost cake 

55 to combine with the residual air remain- 
ing in the bomb or m^iterials within the 
same. Tiie bomb is then sealed by 
iaserting the plug 6 after having pre- 
vioush' applied a sealing mixtm-e of 

60 magnesium oxide and linseed oil thereto. 
The bomb may -be evacuated or pro^'ided 
with an inert - enivironment, although 
tlii^s is not essential .since the lum}^ of 
ealcium can remove the residual air. 

65 The reaction ; is then started by the 
external application of heat. 



After the reaction is cc'm2ilete and the 
bomb permitted to cool, the contents 
thereof may be removed by means of 
a star drill which is small enough not to 70 
touch the sides of the bomb at any time 
and which has a stop on the handle so 
that the drill cannot come closer than 
^//' of the bottom. In that way prac- 
tically all of the charge is removed, but 75 
no iron is Imocked loose fi'om the bomb 
niechanically and pi'actica-lly no corro- 
sion can take place or ivon be introduced 
since there is no contact between the 
specimen and the metal ci the bomb. 80 

Also, alternatively, if the bomb and 
the contents are kept cool, the charge 
can be disintegrated with water, which 
process avoids the necessity of cutting 
loose the charge with a drill. Consider- 85 
able care must -be exercised to keep the 
bomb a-nd contents 'Cool, oth'erx\ise the 
purity of the rare metal powder, par- 
ticularly in the case of uranium is 
dcstaoyed by interaction with the hot 90 
water. 

The contents of the bomb upon removal 
may be treated in. any well known 
manner to remove the imdesirable pro- 
ducts of the reaction. Eor example, 95 
such purification may consist of washing^ 
with dilute acid, water, etc. so that only 
the pxu'e metal powdea* remains. 

The advantages of the process accord- 
ing to the invention a-j^e a-s follows. 100 
First, the alkaline earth metal halide 
may, with certain refractory oxides, 
serve as a flux so that the oxide is con- 
voiiied to the chloride, partially at least, 
from which it is readily ^reduced. Second! 105 
the powder which is foi-med usually 
settles to the bottom of the fused muss 
so that tlie fluid calcium chloride very 
effectually eeals it away if any leakage 
in the bomb occurs after the reduction of 110 
tlie metal. Third, the calcium chloride 
serves as a medium so thiit the calcium 
and the oxide come very intimately into 
contact. The reduction, therefore, is 
very complete. Fourth, the alkaline 115 
earth metal halide or ilux material slow-s 
up the reduction and thus i>iovides a 
means for the regulation of the fineness 
of the powder by the excess of the flux- 
ing agent, so that when th^s tempei^ature 120 
of redu'Ction and the excess of reduc- 
ing agent are once determined, a high 
yield of the metal powder may be 
obtained of uniform fineness. 

To enable those skilled in the ai-t to 125 
practise the invention, one method of 
applying the principle involved will be 
described in detail, and for this purpose 
uranium oxide will be selected as an 
example of a difficultly reducible oxide, 180 
calcium as the alkaline earth metal or 
reducing agent, and calcium chloride as 



238,663 



3 



the alkaline eavth. halide or fiuxing 
agent. 

An intimate mistuire is j>repared in 
any suitable nxanner of 92 parts by 
5 weight of urxmium oside (UO,), or •und«ex- 
slightly diffein'ng conditions equivalent 
quantities of the other oxides of*, 
uranium, xi large -exeess (120 parts by ■ 
weight) of calcium prepared from puri- 

10 fied calcium chloride, and a suitable 
quantity or ^ibout 200 parts -by weight of 
purified ca'kixmi chloride. The calcium 
chloride purchased as chemically pure 
• and labelled *' calcined " contains water, 

15 and iu practising the process is prefer- 
ably carefully dried at tabout 450° C. so 
that as empiloyed it contains only a few 
tenths of one per cent, of moisture. If 
the commercial "calcined" calcium 

20 chloride is used, then it is mecessary to 
employ an exoess of calsci'um to combine 
with the oxygen. It is desirable' to have 
very pure ' materials, since a small 
amount of iron lor example, -appears to 

25 cause beading due to tbe formation of 
low^-melting point alloysj etc. Silicon 
also makes the metal banrd -and brittle. 

The mixture is pressed into calces 
somewhat smaller than the bomb into 

30 which they are placed. A- lining of pure 
calcium oxide is plaiced around the 
cakes in the manner hereinbefore 
descirihed, after which the bomb is sealed. 
The bomb may then be evacuated or pa'-o- 

Bo vided with an inert atmosphere, or 
instead of this treatment a lump of cal* 
CTum may be placed on top of the chargie, 
prior to sealing of the bomb, to combine 
with any residual air remjaining within 

40 the same. External heat is applied to raise 
the temperature of the bomb to about 
900° C. or 1000° C- and this temperature 
is maintained fi'om two to three hours- 
The actual tempea-atuire to which the 

45 bomb is beated depends upon the propor- 
tions of calcium and calcium chloride 
used, upon the duration of heating and 
upon the oxide used. !For example, 
uranium oxide having the chemical 

50 form-ula TJO, takes a different temper a- 
tu^pe, excess of Teagents and time of heat- 

- ■ ing than is required for the oxide having 
the formula U^Og. 

After the completion of the reaction, 

55 the products are allowed to cool and are 
then removed from the . containear by 
means of a drill or disintegrated with 
water. 

The follo^iing procedure has been 
60 followed in treating the products of the 
I'eaction to remove all but the rare refi*ac- 
toiy metal powdetr. The ipass is dis- 
integrated in water, the latter being con- 
stantly stirred so as to, bring about a 
65 more intimate contact with the n^ass. 



After settling, the supeTnatant hquor is 
decanted, and the residue washed with 
fresh water. The washing treatment is 
repeated several times after which dilute 
^loetie acid is added to the residue to 70 
remove matter soluble therein. The 
residue is then washed with water and 
the residue again acidified as before. 
The acid and water washing treatments 
ai>e repeated about four times after which 75 
the residue is put through a suction filter 
and washed with distilled water. The 
distilled watear washing in tlie filter is 
followed by washing with alcohol. The 
powder is paaiaally dried by suction and SO 
it is then quickly put through a 200 
miesh screen a .little at a time. -If the 
powder is exposed to the air for a short 
time, it frequently spontaneously ignites 
and i& burned to oxide so that this m'ust 85 
be. done qxiicMy. The powdear is pre- 
served by being placed in pure alcohol. 

Many other methods may be followed 
an lining the bomb. iFor instance, the 
lining material may be pressed around a 90 
core, which latter may be withdrawn, or 
it may be wetted and painted in. 
Obviously other matecials may be 
employed as th>e lining material, foo: 
example, strontiimi oxide. However, 95 
it shoiild be remembered that the 
material employed for lining the bomb 
should be such as to avoid the introduc- 
oion of impurities. 

• If so desired, when calcium and cal- 100 
cium chlcjiride are iised as reducing and 
fluxing agents, it is possible completely 
to remove the undesirable products of the 
reaction and the excess of reducing 
agents by means of pure alcohol and a 105 
solution of an acid in alcohol such, as 
hydrogen chloride, thus avoiding the use 
of water and contamination due thereto. 

In oirder to obtain pua*e refractory 
metal powders precautions must be taken 110 
ta . eliminate as far as is practically 
possible &om ihe materials, such as the 
oxides, the. . calcium,. the calcium 
chloride, the calcium oxide, and other 
reagents, any . impurities, such as ioron, 115 
free canrbon, carbides, etc., which may 
be present therein. 

It is to be understood that various 
modifications can be made in the 
arrangements .described withoiit depart^ 120' 
ing from the scope of the invention. 

Dated the Tth day of July, 1924. 

P. "W. liE TAI.L, 
Chartered Patent Agent, 
2, Noafolk Street. Strand, London, 125 
W.O.. 

Agent for tlie Applicant, 



4 



238,663 



COMPLETE SPECmCATIOX. 

Improvements relating to Extraction of Metals from their 

Compounds. 



I, AiJ-iusD Stuart Cachemaille, of 2 
Norfolk Street, Strand, London, W.C. 2^ 
a subject of tlie King of Great Britain! 
do hereby declare the nature of this 
5 mventioa apd in ^-bat manner the same 
is to :be perfoiTned, to be particularly 
described and ascertained in and by the 
fdlowing statement: — 

This invention relates to methods of 
10 obtaining metals fi»om their compounds 
and more particularly 'from their oxides. 
. It has been proposed to obtain the 
powders of metals, the oxides of which 
cannot be reduced to metal iby means of 
15 hydi-ogen, for example the oxides of 
ur^mium, zirconium, thorium, vanadium, 
tantalum, chuamium, titanium, etc, or 
any other similarly - difficultly redoi-cible . 
oxide, by well knox^n metalliM-gical pro- 
20 cesses, one of u^hich involved tlie reduc- 
tion, of the oxides by me«ns of calcium. 
Attempts have also heen made to reduce 
the oxides of certain of the metals men- 
tioned by the alkali metals, but without 
25 success. The icalcium method is open to 
objection because of tlie relative expen- 
siveness of tliat metal oiid the impurities 
contained in the commercial material, 
also because the heat <rf reaction is 
SO high which causes tcoarseness of the 
* powders -Uirough the agglomerations of 
the pairticles- thereof. In order to 
Tender- effective the alkali metal reduc- 
tion « further proposal has been made to 
35 employ an alkali metal as the reducing 
agent, together with a fluxing agent 
such as ^ alkaline earth Imlide or an 
alkali metal halide of a metal othea- than 
the alkali metal employed as the reduc- 
40 ang agent. This method has .been vDr%- 
successful,' although open to several 
objections when it is the desire to obtain 
a very piu-e powder possessin^r a ceitain 
fineness. - In practising the methods 
45 referred to above, it has been customary 
to insert the mixed ingredients in an 
iron -bomb, and after sealing the latter, 
the i^eaction is started !by heating the 
bomb. The iron, in some manner, finds 
50 its way. mto the nxetal produced, so that 
when the powder is sintered to reduce it 
to the coherent state, it forms, it is 
believed, with the iron, a low-meltinir 
point alloy which forms beads and runs 
55 out from the mass leaving cracks in the 
material and also causing a great deal 
of trouble in the furnace. Attempts 



have been made to prevent the introdu*:- 
tion of the h'on impurity by lining the 
bomb with nickel, copper, chromiuna, 60 
etc., but in each ca^, metallic impurities 
were introduced which were most 
undesirable in preparing pure metals. 

To illusferate the efEect coi the physical 
properties of a metal by the introduiction 65 
of a small amount of an impurity, refer- 
ence need only be made to the effect of 
carbon or any- metallic impurity in pure 
iron. For example, a small amount of 
silicon or carbon, when introduced into 70 
iron, causes tlie latter to become hard 
and brittle. The same effect will prob- 
ably be produced if instead of iion, 
say m-anium or thorrum, wei^e used. 
From my correspondents' experience 75 
with the rare refi^actory metals and their 
prepai-ation, they are convinced that 
when ii'on is present as an impuaity, it is 
. very diliicult to obtain the metal with 
which it is combined in a soHd <?ol)erent 80 
condition owing to tlie beading pre- 
viously referred to. The object of the 
present invention is to obtain the rare 
reUractoiy metal jpowdea^s in a very pure 
state and of a predetermined degi-ee of 85 
fineness for which purpose, according to 
the invention, an alkaline earth metal, 
preferably calcium is emploved as the 
reducing agent and a halide of the same 
alkaline oaii;h metal is emploved as the 90 
fiuxm^ agent, although the halides of 
other metals of the alkali or alkaline 
eai-th group of metals may be employed. 
A mixture of the metallic oxide to be 
reduced, the alkaline eaii/h metal and 95 
the alkaline earth or alkali metal halide 
is formed, the reducing metal jrefer- 
ably being in about 50% excess of the 
theoretical quantity required. This 
mixture is heated in a suitable vessel, 100 
preferably a bomb, which is evacuated or 
provided with an inert atmosphere from 
which nitrogen and oxygen are absent. 

In the drawing accompanying the 
provisional specification is illiistrated a 105 
vertical sectional view partly in eleva-^ 
tion of a bomb provided with' an insulat- 
mg lining of calcium oxide within which 
the charge is placed. The bomb com- 
prises a hollow iron cylinder 2 hav- 110 
inpr a chamber 3 within the same. The 
bomb may be about 10 inches in height 
and 4 inches in diameter with a wall 
thickness of appmximately a Jialf inch. 
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Tli-e upper end 4. of the bomb is pimided.. 
with au internal .taper«d thread 5 into 
which, fits <a tapered threaded plug 6 to 
the threads of which a sealing compound 
5 may be apphed just previous to the 
inse-rtion ot the plug into . the bomb. 
The inner walls of the cbamter-3 in the 
bomb are preferably provided with an 
insulating layer 7 of calcium oxide or 
10 other i-efractory. matedal. which may pre- 
ferably be applied' in. a manner more 
fully described hereinaft-er. 

In placing the mixtiue into -the borob, 
the following prec-autions are observed 
15 in order to prevent the introduction of • 
inapurities fi'om the. bomb. The ibottom 
8 of the bomb is covered with a layer 9 
of pure, highly ignited lime wliich con- 
tains no iron, silicon, or insoluble 
20 impurities. By insoluble impurities, is 
meant insoluble . in dilute acetic acid. . 
After the bottom of the bomib has been 
covered about a quarter inch deep by 
thoroughly pacldng with a «elean iron 
25 plunger, the mixture of calcium chloride, 
finely ' cut calcium, and the r^ire refrac- 
tory* metal oxide is pressed into cakes . 11 
somewhat smaller than the inside o5 the 
homb. A cake is placed icontrolly on the 
SO lined bottom of the bomh and lime 
powder 12 is rim in around the cake and 
packed down with a clean eoppBr or iaron 
ring. Usually, threa or fom* cakes are. 
l)ressed and put in, <me ^it a time, the 
35 lime being packed around each ' one of 
them, after its introdnctdon within the 
bomb,, so that the final fprma^on com-, 
pffises -an insulating " layer of the lime 
interposed between the mixture ■ and the 
40 walls "of the bomb. A pierce' 13 off cal- 
cium is placed iipon the uppermost cake 
to combine with the residual " -air remain- 
ing in the bomb or "materials within the 
same. The bomb is then sealed by 
45 inserting the plug 6 after having pre- 
viously apphed a sealing mixture of 
magnesium oxide and linseed oil thereto. 
The bomb may be evacuated or provided 
with an inert envinonment, although 
50 this is not e&sentifljl since the lump of 
calciiun can remove the residual nir. 
The reaction is then staarted by the 
<fxtevnal application of heat. 

After the reaction is complete and the 
55 bomb peamitted to cool, the eontents 
thereof may be removed by mean's of 
ix star drill "which is small .enough mot to 
touch the sides of the bomh at any time 
and" which has a stop on the handle so 
CO that the drill' cannot, come closer thaii 
^//' of the bottom! Tn that way prac- 
ticnlJy air of the charge is removed! but 
no iron is knocked loose from the bomb 
mechanically and practically no corro- 
05 sion can take place or iron be introduced 



since there is no contact between the 
specimen uud the metal of the bomb. 

Also, alternatively, if the bomb «nnd 
the . contents are kept cool, the charge 
can - be disintega:ated with water, which. 70 
process avoids the necessity of cutting 
loose the charge with a drill. Consider- 
able care rmist be exercised to keep the 
bomb and icontents cool, otherwise the 
purity of tlie rare metal powder, par- 75 
ticulacly in the case of uranium is 
destroyed by interaction with the hot 
water. 

The contents of the bomb upon removal 
may be . treated in lany well known 80. 
manner to remove the imdesirable pro- 
ducts of the reaction.. For example, 
s-uch purification may consist of washing 
with -dilute acid, w^ater, etc. so that only 
the pure metal powder iremains. 85 

The advantages of the process 4iccord- 
ing to the invention are as follows > 
Pii-st, . the alkahne earth metal haHde 
may, with certaisa refr^ictory oxides, 
serve as a flux so that the oxide is con- 90 
verted to the chloride, partially at least, 
from which it is readily reduced. Second, 
the powder which is formed usually 
settles to the bottom of the fused mass 
so that the fluid calcium chloride -very 95- 
effectually seals it away if any leakage 
in the bomb occurs after the aeduction of 
the metal. Third, the calcium chloiide. 
serves as a medium' so that the calcium 
and the oxide come very intimately into 100 
contact. The reduetion, therefore, is 
very complete. . ^Fourth, the alkaline 
earth metal halide or flux material slows 
up the. reduction and thus provides a 
means for the regulation of the fineness lOS 
of the powder by the excess of the flux- 
ing agent, so that when the tempera'ture 
of reduction, and the excess of reduc- 
ing agent $ire once determined, a high 
yield of the* metal powder may be 110 
obtadned of imifofm fineness. 

To enable those skilled in the art to 
practise the invention, one method of 
iipplying the principle involved will be 
described in detail. And for this purpose 115 
uranium oxide will be selected as an. 
example* of a difficultly red'utable oxide,: 
calcium as the aBialine earth metal or 
.iieducing agent, and calcium chloride as- 
the alkaline earth halide or fluxing 120 
agent. • 

An intimate inixtuare is prepared in 
any suitable manner of 92 parts by 
weight of uraninm oxide (UOo), or under 
slightly differing eoiiditions ecpuivalent 125 
quantities of the other oxides of 
m^anium, e large excess (120 parts toy 
weight") of calcium prepared fjom pin-i- 
fied calcium chloride, ^nd a suitable 
quantity or about 200 parts by weight of ISO 
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purified calcium ebloride. The calcium 
ichloride pui*chased as chemically pur& 
and labelled '* calcined " contains" watea-, 
and in psactising the pracess is pi^efer- 
5 ably caBcfuUy dried at about 450^ C. so 
HiSLt as .fimploy-ed it contains only a few 
tenths of one per cent, of moisture. If 
the commercial " cakined " calcium 
chloride is used, then it is necessary to 

10 employ an excess of calcium to combine 
with the oxygen- It is desirable to have 
'very pure materials, since a small 
amount of iron for example, appears to 
cause beading due to the formation of 

15 low-m^elting point alloys, etc. silicon 
also makes the metal hard and brittle. 

The mixture is pressed into cakes 
somewhat smaller than the homb into 
which they are placed. A lining of pure 

20" ca.lciimi oxide is plaeed around the 
oaikes in the manned* hereinbefore 
described, after which the bomb is sealed. 
The bomb may then be evacuated or pro- 
vided with an inert atmosphere, or 

25 instead of this ti-eatment a lump of cal- 
•cium may he placed on top of the charge, 
prior to sealing of the bomb, to combine 
with any uesidual aii* remaining within 
the same. External heat is applied to raise 

30' the temperature of the bomb to ^ibout 
900O C. or lOOOo C. and this tempcratiue 
is maintained fi'om two to three liours. 
The actual temperatiu'e to which the 
bomb is heated depends upon the ppopor- 

-35 tions of calcium and calcium chloiide 
used, upon the duration of heating and 
upon the oxide used. For example, 
uranium oxide having the chemical 
fox*mulu XJOg takes a different tempera* 

40 tm'e* excess of reagents and time of hc-at- 
in^ than is lequired for the oxide having 
the foimula ITjOg. 

- After the completion of the l^eaction, 
the products ai*e allowed to qooI and are 
45 then removed from tlie container by 
means of a dnll or disinte^-iited with 
water. 

The following procedure has been 
followed in treating the products of the 

50- reaction to lemove all but the rare refrac- 
tory metal powder. The mass is dis- 
integi*ated in water, the latter being con- 
stantly stirred so as to bring about a 
more " intimate contact witli the mass. 

55 After settling, the Supernatant liquor is 
decanted, and the residue W4i.shed • with 
fresh water: The washing treatment is 
repeated several times after which dilute 
acetic acid is added to the .residue to 

60* remove matter soluble theiein. The 
residue is then washed with waiter and 
the residue again acidified as be'foi'e. 
The acid and water washing treatments 
are repeated about four times after which 

65 the residue is put through a suction filter 



and washed with, distilled water. The 
distilled water washing in the filter is 
followed by washing with alcohol. The 
powder is partially dried by suction ^ind 
it is then quickly put through a 200 70 
mesh screen a little at a time. If the 
powder is exposed to the air for a short 
time, it frequently spontaneously ignites 
and is burned to oxide so that this must 
be done quieldy. The powder is pre- 75 
sei-ved by being placed in piure alcohol. 

The powder thus produced readily 
passes a 200 m-esh sieve and can he 
pressed into hard solid cakes having 
much the appeai'ance of molybdenum SO 
undeA* the same conditions. It might be 
stated that when the powder is too fine 
it can •be filtered only with difficulty and 
when pressed squeezes out at the sides of 
the press. When the powder is too fine, 85: 
it is extremely difiicult to degasify in 
the furnace since the large volume of gas. 
cauees cracks to be produced even wlien 
extreme care is exercised. It is usually 
necessary to press and handle pure uraQ- 90: 
ium powder wet %vith alcohol in order to 
avoid spontaneous combustion in the air. 
Also a powder which is too fine shrinks 
to a large extent in the furnace, yield- 
ing misshapen slugs or buttons. When 95 
a powder is too cnorse it does not liold 
its shape after pressing, but crumbles 
and can he handled only with difficulty. 

Many other methodij' may he followed 
in lining the bomb. Pbr* instance, the 100 
lining material may be pressed around a 
core, which iatter may .he withdrawn, or 
it may be wetted and painted in. 
Obviously oth^er mateauals may be 
employed as the lining material, for 105. 
example, sti>ontium oxide. However, 
it should be remembered that the 
material employed for lining the bomb 
should be such as to avoid the introduc- 
tion of impu.rities. 110 

If so desired, when calcium and cal- 
eium chloi'ide are used as reducing and 
fluxing agents, it is possible completely 
to remove the midesii'able products of the 
reaction and the excess of leducing 115- 
agents by means of pure aicoliol and a 
solution of an acid in alcohol &uch -as 
hydrogen chloride, thus avoiding the use 
of wsiter and contamination due thereto. 

In order to obtain puw refi'aetory 120 
metal powders precautions must be taken 
to eliminate as far as is practically 
possible from the materials, such as the 
oxides. the ealcium, thie calcium 
chloride, the calcium oxide, xmd other 125 
reagents, any impurities, such as ii'on, 
free carbon, carbides, etc., which may 
be present thei-ein. 

It is to he understood that various 
modifications can be made in the 130 
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aiTangements <lesoril>ed "without depart- 
ing irom the scope of the invention. 

Saving now particularly described and 
a&eertained the nature of. nay said inven- 
5 tion and in what manner the same is 
to be performed, I deolaa-e that what I 
(slaim is: — 

1. The manufacture of metal from 
its oxide hy lieating the oxide, with an 

3U alkaline earth m«tal and a halogen com- 
pound of an alkaline eailh or An alkali 
metal. 

2. The manufacture of a metal from 
its oxide by heating the oxide with cal- 

lo cinm and calcium chloride. 

3. The mxinufacture of a metal from 
its oxide ac^oa^ding to Claims 1 or 2 in 
which the reaction is carried out in a 
vacuum or in inert atmosphere. 

20 4, The mamifacture of a metal accord- 
ing to Claims 1 to 3, in which the fine- 
ness of division of the« metal produced is 
controlled by adjusting the duration of 
heating and the proportions of the alka- 

25 line earth metal and the halogen com- 
pound used. 

5. The manufacture of a metal which 
eompi'ises forming a mixture of its oxide 



with an alkaline earth metal and a halo- 
gen compound of ' the- same lov other 30 
alkaline earth metal, enclosing said mix- 
ture in a bomb fd'om which oxygen and 
niti'Ogen are excluded, raising the teni- 
ptrature of the bomb to a predetermined 
value f-or a definite time, cooling the 35 
bomh and then extraeting the metal 
from tlie reaction products. 

6. For the manufacture of a metal 
according to any of the pveoeding claims, 

u metallurgical -bomb the walls of w^hich 40 
are lined with a material which prevents 
the reduced metal being contaminated 
by the introduction of impunities from 
tlie material of the bomb. 

7. A metallurgical bomb ae^ordiug to 46 
Claim 6 lined with calcium oxide. 

8. The manufacture of a metal from its 
loxide substantially as described. 

9. The manufacture of uranium from 

its oxide substantiallv as described. 50 
Pated the 9th dav'of March, 1925. 
F. W. Le tall, 
Chaa-t-ered Patent Agent, 
2, Norfolk Street, Strand, London, 

W.C., 55 
Agent for the Applicant. 
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